T S 0 0 G S e S > P e vy TS S G W B e S e A S v e G B0 = e W U - e T S " o o S

Hugh L. Dryden
Deputy Administrator
National Aeronautics and Space Administration

Lecture at Symposium on Space Rescarch, sponsores
by the National Commission for Space Research of
Argentina, held at Buenos Aires, November 28 to

December 3, 1960.

R

N65 88444

o

o

o

z (Accsszlfu NUMBER) (THRU)

' 2 ) e

e ) . 1
STE L g o Oy £

5 (HAGES) (CODE)

A SR

: Y

(NASA CR OR TMX OR AD NUMBER) (CATEGORY)




POWER AVD PROPULSION FOR THE EXPLORATION OF SPACE

Hugh L., Dryden
Deputy Administrator
National Acronauties and 8pace Administration

TOREWORD ¢
Before procecding with my lcéture, I would like to

express my appreciation to prof, Ing. Tabanefa, chairman
of the symposium committee, for Inviting me to take part -
in this historic meeting in Argentina, Through the vision
of Prof, Tabancra and of other scientists and engineérs,
Argentina carly gained a world-wide reputation for
intcerest in spacce rescarch and techmology and in the ex-
ploration of interplanctary space. I first met Prof,
Tabanera at the Fifth Intcrnational Astronautiecal Con~
gress held in Innsbruck, Austria, August 2, 1954%. He
was at that timec the seccond vice~presidont of the-Inter-
national LAstronautical Fedcration, and I was a visitor
from the acronantical scicnces, Later, wo worked to-
gether on the Technical Committce of the Unitcd Nations
Ad Hoc Committce on the Peaceful Uscs of Outer Space,
hoping to achicve a basis for widesprcad intcrnational
coopcration in spage roescarch. I belicve most sinccrely
that advances in the undcrstanding of our universe are
not the prerogative of a single nation or group but

come fraﬁ cvery quarter of the world in which scientists
arc active. I am surc that Lrgontina will ncke lnercas-
ing scicntific contributions to the OXplarutlon of

snace unapr the 1oadorship of the Commission for Space

Rescarch, -
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INTRODUCTION:

.For many ccnturies astronomers have becen studying
the celestial bodies-and interplanctary and intergalactic
space by indircect mcthods, The information obtainable was
that borne by the light waves, and, in rccoent times, radio
waves reaching obscrving instruments on the surfacc of the
earth., The carth's atmospherc is opaquc to certain regions
of the olecﬁro—magnotic spoetrum and the variable proper-
tics and motions of the atmosphere introduce perturbations
which interfere with prccisc obscrvations. Nevertheless,

a trcmendous amount of knowledge has beon gained about
the dimensions, chemical composition, physical state,
relative positions and motions of the celestial bodics
and about the oxtremely small amounts of natter and the
radiation in intcrplanctary sooce,

The development of rockets for nilitary purposcs
during and aftcr World War IT brought into cxistcnce the
means of cxnloring the high atmospherc and ncarby space
by direct mcthods, Scicntific measurcncats can now be
made by transporting apparatus to great distances above
the surface of the carth. Herc we may study dircetly at
the scene the phenonena to be investigated and we can
make indirect mecasurciments of celestial objects in the
sarie manncr as at the carthis surface but frec from the
absorption and perturbation of the atmospherc, The space-
craft available include sounding rockets, carth satcllites,
and man-made planets travelling around the sun,

Much progress has been made nlready but we look
forward confidently to greater accomplishiments, to the
sending of instrumcnts to the moon, Mars, and Vecnus, to

nan's first venture into space, first in a ballistic
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flight to high altitude, then in orbital flight, to manncd
landing on the moon and return, and so on into the distant
future,

In all of this activity involving the transport of
instrunments and men for the exploration of space, the
possible accomplishments are directly dcpcndent on the
power and propulsion available at the time., The propulsion
systen was and 1s the key to exploration in space os it
has been for cxploration on the sea, on land, whether in
the descrt, polar regions, or mountain troils, and in the
atmosphere,

The prescent pancr gives a broad review of the space
power and prcpulsion picture as it now stands and as it
seens to be developing. The sssenticl elements to be dis<
cussed are the sourcc of cnergy, cither for propulsion or
for operating the on-board equipment; the propulsive or
thrust-producing oldment, including thc working fluid;
and encrgy conversion ncthods,

An account will be given of the propulsion and powar
systeris in use and under devcelopinient by the Nationnl Loro-
nautics and Space Adninistration, Sounding rockets will
be omitted, since they are described by Dr., Newell in a
later poper at this symposium. In other words, this paper
trecats the propulsion systems for satellites, deep space
probes, and man-~nade ploanets. A primary osbjective is to
give an overall framcwork for the nore speciclized tech-
nical papers on propulsion which are to follow during the

course of the symposium.

ENERGY SOURCES:
Every space vchicle nust have acecess to o supply of

cnergy for propulsion and for opceration any on-board
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equipncnt such as scientific instruments, communication
equipment, attitude control, life--support equipnent, ct
cetera. The only known sources of energy are those which
release energy by chemical reactions »r nuclear rcactions.
In more specific tcrms the common chemical sources arc the
fuel and oxidant supply in the tanks of a chemical rocket,
clectric natteries which contain a supply of encrgy in
chemical form, and the food supply for human occupants
which may be converted intc muscular cnergy usceful for
some purposcs. The common nuclecar sources arce radio-isotopes,
nuclear reactors, and the sun whose energy results fron
nuclear rcactions, Small amounts of energy for special
purposes nay be stored in compressed gas bottles and com-
pressed mechanical snrings.,

with the exception of the sun, the other cenergy
sources, i.e, chenical fuel, nuclcar fuel. food, must be
carried on-board the vchicle from the carth or provid~1 by
another vehicle scent from the carth for resupply., Any given
supply provides a limited amount of cnergy and thus provides
for a definite life~time at the nominal rate of use, Chemical
batteries and food are exhausted rciatively soonj nuclear
fuel contains nuch more cncrgy per unit mass and thus
nuclear devices provide a much longer life. In the distant
future, it may be possible to greatly extend flight duration
by the dcvelopment of brceder rcactors waich produce addi-
tional nuclear fucl within the rcactor and by devceloping
carbon, oxygen, water, and other chenical cycles in a
closed ecological systen for man himsclf using solar cnergy.

S8olar cnergy is the only source which is virtually
inexhaustible and requires nos continual consunption of
on-board supplies, but is available only when the space-

craft is in sunlight. Therc have been proposals to supply
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energy to a spaceeraft by .cleectronagnetic radiation fron
the ground rather than by physical refucling but this method
does not appear practical at the nmonent,

The available chenieal sources of cnergy inelude a
wide variety of substances. Encrgy 1is releasgd generally by
the rcaction of a "fuel" with oxygen, althadgﬁ éome substan-
ces are uscd to release energy by decanposing into sinpler
compaunds, -The fuel is usually a conpound co ntuining one or
norc of the lighter clencnts in the first four graups of
the periodic table, i. e,, hydrogen, lithiun, beryllium,
boron, carbon, nagnesium, aluminium, The "oxidizers" contain
oxygen or fluorine, usually bound to other elewents such as
nitrogen or chlorine. The substanccs of inteo rest are thase

containing clements of low molecular weight, partly because

of their gencrally higher cncergy rclecase por unit mass on

“oxidation and partly becezusc thesc clements arc more effect-

ive in producing thrust as uscd in rockets,

The "Rocket Propellaont Handbook! of Boris Kit and B
Douzlas S.;Evered (MaeMillan Conpany, New York, 1960) lists
90 or morc substances used as roeket propcllants, 2ll of

which are conposed of the clencnts previously nanmed cnd in

~ @ few cases olso sildeon, sulphur, and potaséium as con-

bining elenents, The nunber of psssible ChGHlCul unorﬁy
sources is of course nuech grcater than the 90 naﬁed

In the casc of certain sinple subgtances sueh as hydroe-
gen, the rcleasc of encrgy requircs the chenical rcactiqn
of two substances, one containing the fuel clenent, tho n
other the oxidizor, stored separantely, In other substances
such as nitromcthane, CH,NOp, the elemonts garbon and
hydrosgen and oxygen are contained in the molecules of a

single substance which may be decomposed to forn hydrozen,

nitrogen, water, carbon monoxide, and carbon dioxide with
'\g;!“*
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rcleasc of cnergy. Much more complex substances are used

as solid propellants. Modern solid propellants consist of

nixtures of many substances, usually two principal ones

with many others in small amounts to serve as stabilizers,

vulcanizing agents, burning rate accclerators, cte. Detailed

knowledge of the proportions and processes used are often

proprietary secrets of the manufacturer,

S.H, Dole and M.A. Margolis of the Rand Corporation

(in a paper presentod before 2 recent mecting whose pro-

ceedings have been published under the title, "The

Chenistry of Propellants" by Pergamon Prcss, New York,

1960) 1list the following 'menu! of presently available and

prospective rocket propellants:

Ligquids

Cryogenic

Storable

Solid

PRESENT

gLiquid oxygen

(Hydroearbon Fuel R.P.

gNitrogen tetroxide

(Unsymnetrical
( dimcthyl hydrazine

( Ammonium perchlorate
( and
( polyurethane

PRODUCTTION OF THRUST:

POST 1961

gLiquiG Sonrdine
EHydrazine

or
(Liquid hydrogen
(Liquid oxygen
EChlorine trifluoride

(Hydrazine

(Annmonium perchlorate

(

(Orzanc~Boron

Propulsion is space can be accomplished only by

applying the available energy to the production of a force

acting on the spacecraft, commonly called the thrust., The

only known nmethod of producing a force on an 1solated

system in space is to apply cncrgy to continuously change
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the momentum of somc substance used as a working fluid.
The thrust developed is equel to the time rate of change
of the momentum of the working fluild. For the prescnt and
for some time in the futurec the working fluid nuust be
carried along from the ground., The rate of consumption
and available supply of the working fluid determine the
total time during which thrust can be developed.

In the chemical rocket the working fluid consists of
the products of combustion of the cenecrgy scource. The
ehemical encrgy is converted to the internal energy of
hot, high-pressure gases which arc expanded through a
nozzle to form the propulsive jet., It is desircd to obtain
the highest possible thrust for a given rate of consumption
of working fluid., The ratio of the thrust produeced to the
mass rate of flow of working fluid is known as the spaecific
impulse and is a useful measure of the effectiveness of the
propulsion system. It is a function of the chemicals uased
and of the expansion ratio of the rockect nozzle. For a
given expansion ratio the spccific impulse is proportional
to the square root of the ratio of the absolute temperature
of the gas in the combustion chamber to the mean molecular
weight of the working fluid. The permissible temperaturec
is limited by the properties of the materials used and
the effectiveness of cooling in rcducing the temperature
of the wall of thc combustion chamber below the gas tempe-
rature. The molecular weight -should be as small as possible
to produce the highest specific impulse; hence the chemi-
cals used should be composed of the lighter clcments near
the beginning of the pcriodic table,

If 2 nuclear energy source us used, the nuclear fucl
does not furnish working fluid to produce thrust, Hence a

separate supply must be used. Sincc hydrogen is the

SIE k&




-8 -

substance of lowest molecular woight, it is wnreferrcd. In
the nueclear thermal rocket, the nuclcar cncergy is used to
rdisc the tenperaturce of the working fluid which then cx-
pands through a nozzle as do thc conmbustion products in the
chenical rocket,

If cnergy 1s stored in conpressed gas in a tank, this
gas nay be uscd also as working fluid to furnish forces
for attitude control, spinning or despinning, vernier
corrections to the trajcetory, c¢t cctera.

It is possible to use charged porticles, specifically
positive ions, as a working substance. Acccleration of
charged particles could be acconmplished by o suitable
cleetric ficld., In this casc it is found that the specifie
inpulse is provortional to the squarec root of the ratio
of the product of elecctrical charge tinmes clcctric ficld
strength to the molecular woight. Such 2 device is not
tenpoerature~-linited, However, the cnergy required to ionize
the working fluid reprcescnts a loss. The ionization cnergy
is high for elements near the beginning of the periodie
teble and hence it proves desirable to go to working fluids
of small ionization cnergy such as cosium, Nevertheless
beeausc the voltage is not linited, it anpcars feosible
to obtain much higher specific inculsces than for chemical
or nuclear rockets.

With ions as working fluid it is nccessary to
accclerate the clectrons removed in the ionization process
and feced them back into the ion jet to avoid adversce
dcececlerating eclectric ficlds ot the discharge, At suffi-
ciently hich tempcraturcs the ions and eloctrons can
rcemain necar cach sther without rccombining and by acceler-
ated by a suitable combination of clectric and nazncetie

fields. Inste~d of ions, charged colloidal solid particlces
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nay be used as a working fluid to be accclerated by
cleetrical nmcans,

Llthough the speecifie impulse of ion and plasma Jets
is very high, tho thrust to weight ratlios of complete systens
is‘very low, beeausec of the grcat wcight of the clectrical
generating cquipnent. The thrust obtainable is very low,
usuclly less than a kilogranm from a propulsion systen
weighing thousands of kilosrams. Henee such working fluids
arc uscful only where the eonponcnt of the gravitational
foree in the thrust direction is small, i.c., at zrcat
distancecs fron the carth and other e¢clestial bodics where
the gzravitational force is nezligible »f for slow changos
in trajebfarics where gravity is balanced by centrifugal
forces as in an orbiting satcllite.

Coneeptually the charged particles oxisting in space
night be uscd 2s a working fluid., Likcwise, sinece radiation
has an equivalent nass, it too nmight conecptually be used
as in the proposcd photon rocket. But such uscs scen far
awvay.

There have been proposals to use the pressure of ra-
diation to produce a foree, for example, by reflcetion of
solar sail., The force can be calculated and it nay be of
intcrest to you to learn that solar radiation pressurec
docs nodify the orbit of the Echo satcllite, a light-
weight balloon 30 neters in diameter. The obscrved cffcct
¢orresponds to that predicted and produces a ceonsiderable
rcduction in the cstinated litetime of the satcellite,

reducing if from about three years to about one year,

ENERGY CONVERSION:
’ The basic chenical, nuclecar, and solar cnergy

sourccs provide cnergy initiclly in the form of heat or

SIE 4
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clectrical cnorgy. For propulsion and attitude control
the cnergy nust be converted to kinctic cnergy of the

working fluid. For on-bonrd powcer to operatc equipmient,

~cnergy is required usually in the forn of clectric power

of the approvpriate voltaze, current, and frequenecy. In
nost spacecraft to date, onc cnoergy source, & chenical
onc, ms becn used for propulsion and another, chenienl
batteries or solar, for supnlying the internal power,
Ultinctely, when c¢lcetrical propulsion is cnaloyed, a
single systen nay be used, 2t lcast in thoe spacceraft
itself.

As already ncationed, the conversion fron the heat
cnergy supplied by checnical or nuclcar rcaction is first
converted to the internal cnergy of the hot working fluid,
and as rnuch as possible of this internal cncergy 1is con-
verted to nechanicol encrgy of the jet by exnansion
through 2 rocket nozzle. If the working fluid is a plasna
or ions, thc cnorgy rclecscd in the forn of hect nust
first bc converted to clectrical encrgy and then to the
kinetic cnecrgy of the jet by a suitoble clectriccl accele-
rator, Under this concept, both rocket cngines and ion and
plasna enzines are to be considerced cnergy conversion
devices as well as produccers of thrust, In an accclerating
rocket the total cnergy rclcascd gocs partly to the kine-
tic and potcntial cnergy of the rocket and reonaining pro-
pcllants and partly to the kinctic cancrgy of the cxnelled
workineg f£luid,

For on-board spacceraft power the cnergy nust be
converted to clcetricol fornm, At prescnt chenical and
solar cnergy sourcces are used, the conversion devices
being battories and photovoltaic solar ccells, When solar

cclls arc uscd, battery copacity is provided to store
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sufficient energy during the time the Spacecpaft is in
sunlight to operctethe equipméht when theﬂséiééérafp‘is
in the shadow of thec carth, Roaéonably good results have
becen obtaiﬁed for small am5unts of power, althodgh'same
problems have arisen with rcspect to dcteriorating per-~
fornance of storage batteries in a vacuum on nultiple |
rcecyecling atAhigh anbicnt temperatures, and with radiation
damage to sold: cells from protons and elecctrons in the
Van Allen radiation belts and fron solar flarcs, Solar
cclls are still very exnensive, the cost being of the
order of $ 500 per elecctricol watt,

Therc ar ¢ three cnergy conversion systoms which ndy
be used with chenical, with nueclear, or with solar cnergy
sources. These are mechanica;, thernoelectric, and ther-
mionic systems, In the mcehanical systems the heat
rcleascd from any of the sources is usced to heat a
working fluid which drives a turbo-clcctric system, If
solar cnergy is used, cnergy for the dark operation may
be storcd either as thermal cnergy or as clectrical
energy. Except for the licghter weight and greater refine-
nent of design sueh systenms arce generally similar in
operation to the familiar clectric power generation
stations usecd to supp;y power to our hones from c¢o2l or oil.
With chenieal encrgy the heat is gcenerated by a combusiion
proecss; with nuclcar cnergy by fission, and an internediate
heat transfer medium nay be usced to ovoid radioactive
contanination of the working fluid of the turbine,

The sinplest forn of thernoelectric canvortef is a
thermoeouple made by joining wires of dissinmilar materialr
When heat is applicd to one junction, an clectric voltasc
is goncrated, The Atonie Energy Connmission has developed

a snall unit, SNAP-3, in which thc cnergy source is a

SIE &




- 12 -

radioisotope, and the conversion to electric power is
made by thermoelectric units. This unit furnishes about
five Watts of electrical power, and is intcended as a
demonstration unit or prototypec.

The thermionic converter is based on the emission of
electrons from a hot surface to a nearby cold surface thus
obtaining an electric current., These devices are in an
early stagce of development,

In addition to the three cnergy conversion systens
suitable for use with all of the cnergy sources, therc is
a fourth capable of dircet convorsion from chenical to
clectrical energy. This is the fuel ccell, which consists
of a cell filled with an electrolyte in which elecctrodes
are inserted, Instead of passing clectric current Uirrough
the solution to decompose it as in the ordinary electro-
lytic cell, chemicals are fed into the solution to recom-
bine and generate .an electriec current. Tynical fuecls are

hydrogen and oxygen.

PRESENT LANCH VEHICLES AND SPACE MISSIONS:

Having reviewed the basic principles and concepts
rclating to cnergy sources, production of thrust, and
energy conversion let us turn to the program of activities
of the National Aeronautics and Space Adninistration, With
the exception of the IGY Vanguard program, all of the
NASA space missions so far accomplished have used launch
vchicles whose first stages were developed by the Depart-
nent of Defense for the ballistic missile Program. These
first stagzes arce slightly modified Jupiters, Thors, and
Atlases. With thc addition of the Vanguard second stage
and other specially built upper stages and payloads, we

have been cble to proceed immediatcly to explore the space
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environment, without awaiting the developnent of new
lagnch vehicles sneeifienlly for space operations, The
nissions which can now be undcrtoken are linitced by the
eapaeity of the prescntly aveilable vchieles and the
doveloprient of launech vehiecles of greater capacity was
initiated at thc beginning of the s»Hace progran.

We have been able to acconplish o sreat deal with
the presently available vehiecles and you will be hecaring
about soric of the results during the synposium. Let ne
nention briefly two of our most successful sstcllites,

Tiros I and Echo I.

(pleasc turn over)
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Tircs I, %he meteorologicual satel ite, made 778 trips
around the earth in its firs® tvio months, producing more than

20,000 photographs of cloud formations over *“he earth between
latitudes 50 C N to 50 0 8, Tiros T was launched successfully

on April 1, 1960, It is a 270-pound satcilite launched into a
nearly circular orbit with maximun and minimut altitude of 468
and 435 miles, respectively, The period is 99,15 minutes, It

is stabilized by s pinning. Thus manintaining a nearly fi ad

Aire cticn ins pace, Pictures are ohtained in that part of the
orbit where the cu. mers secs the sunlit portion of the earths

The satellite is pfovided with tape recorders whi.: -an record

as many as 32 pictures for later transmission when the satellite
is within mnge of one of the o grounl stutions., Meteorologilsts
tell us that bhe value of these photographs to their work has gree-
tly exceeded their already high expectations., For example, in the
southerg ocean areas where previously the only obscrvations ava-
ilable were those from less than a dozen s":ips,2Tiros produced
pictures which guave an overall view of cloud formations, showing
the exact locations of four storm centers, Vieather fronts are
easily located. Previously unknown spirally banded cloud forma-
tions in storms of moderatc intensity were seen for the first
time extending over thousands of square miles, The Chief of the
Wheather Bureau has told us that the meteorological satellite

is the most significant development in meteorology in all time

of greater im~ortance than the invention of the baromeler., Echo
I, the passive communjcations satellite, was launched on August
12, 1980 into a nearly circular orbit at an altitude of about
1000 miles., The satellite is an Influatable sphere 100 feet in diawc
which constitutes a small "moon" from which radio signals have
been reflected to give excellent (uallity communication bet-~

ween California and Wew Jersey. It is made of thin Mylar plas-
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tle coated with aluminum and welghs about 132 pounds. These two
satalliles are first steps in the early application of earth sa=
telliﬁes to practical uses for human benefi%. Research and deve=
lopyent in this area will be continued tg provide protatipes for
sateliites to be used in operational systems for weather observas
tion and forecasting and for long=range radio cgmmunicatfﬁﬁ 1inks

of great traffic capacity.

LIQHI2;EEQEELLAEI.LAHEQE.IEEIQLEﬁ.

In the early stages of the NASA program many types of launch ve-
hicles have been used, Sincej however, reliabillty increases with
the number fired, many of the older vehicles are being phascd out
to concentrate on a relatively Sﬁall number of types, The oldest
launch vehicle now in use is the Juno II, based on the Jupiver
first stage., Three more missions remain, after which use of this
vehicle will be discontinued., Juno II is a four-stage vehiéle, the
second stage consisting of eleven solid propellant rockess ( Ser-
geant Jr,) in a clus¥er, the third of three similar rockets, and
%he fourth of one, I%s overall weight is 12k,000 pounds and it can
place 95 pounds in a 300 nautical mile orbit. The Jupiter first
stage ukilizes the conventional 1liquid propellants, liquid oxygen
(LOX) and hydrosarbon fuel. The Thor-Able launch vehicke also to
be phased out, consisted in its original version of a modified
Thorj a second stage which was a modified form of bhe Vanguard
second stage, and a third solid-propellant stage (altailr) also
based on an earlier Vanguard design, Its overall weigh% was a-
bout 105,000 pounds and it launched the 142 pound Explorer VI
in%o an elliptical orbit with perigee of 156 and apogee of 26,
357 miles. The first stage propellants were 1iguid oxygen and
hydrocarbon fuel; the second white fuming nitric acid and insy-
mnetrical dimethyl hydrazine, Later versions of Thor-Able uscd

larger fuel tanks in the second stage and previded a restart
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capability. One such version launched the 270 pound Tiros
I into a ncarly circular orbit, at about 450 miles.

The Delta vehicle, of which ten remain to be fired,
uses essentially the Thor-fible hardware with some reliabi-
lity and performance improvencnts and with addition of a
highly accuratc guidance systen adapted from the Titon
program, Its launch weight is 112,000 pounds and it heas
the capability of placing 480 pounds in a 300 mile orbit.
Delta launched the 132 pound Echo I spherc, its 30 pounds
of inflation powder and 28 pounds of packaging into an
approximately 1,000 niile orbit, Dclta also will be replaccd
by Thor-Agena at the cnd of the present series,

The Thor-Aigena B, dcveloped by the Departuent of
Defense for the Discoverer program, consists of a Thor and
a second stage which is o modified and enlarged voersion
of the second stage that has been used very successfully
in the early Discoverer program. It will replace the Juno IT,
Thor-Able, and Declta in the future NASA program. The second
stage propellants are the same as in Thor-Able and Delta,
white fuming nitric acid and unsymmetrical dimethyl hydro-
zine. The weight of Thor-Agena B 1s 123,000 pounds and it has
the capacity to place 1,600 pounds in a 300 nile orbit.

Modified Atlascs and Redstones arc being uscd in the
nanned sateéellite progran.

The Atlas-Azena B is similar to Thor-Agcna B with
substitution of Atlas for Thor to gain a groeater capa-
bility. This vehicle will also be used in Air Force
nissions, and this common use is cxpccted to realize
a high reliability at an carly date. Atlas Lgena B wcighs
about 275,000 pounds and will place 5,000 pounds in a
300 nautical mile orbit. It can launch about 750 pourds
to escape velocity, and will be used for early lunar ex-

ploration as well as for scicntific sctellitces,
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.The vehicles so far nentionoed utilize the relatively
Jow encrgy chenicol propellants, but we are noving in |
future lecanch vechicles to the use of the high energy
cheniceal pfopellants, liquid hydrozen and liquid oxygen;
This conbination gives us a specific inmpulse of sonething
over 400 seconds as compared to something under 300 for
the fuels prescently in use,

The first use of liquid hydrogen-liquid oxygen will
be in the Atlas Centaur, a vehicle consisting of an Atlas
with 2 new second stage using the high-energy pronellants,
The developnent of this wvchicle is well along and it is
hoped to make the first flight about the middle »f next
year, The nrcesent weight estimate is cbout 290,000 pounds
with an estimated capability of 8,500 pounds in a 300 nile
orbit, and about 1,500 pounds to the vieinity of Mars or
Venus,

The largest space launch vehicle now under develop-
nent is the Saturn., The Saturn C-1, prescntly under
active developnent, is a threc-stage version giving the
earliest availability. It will be followed by a four-
stage version Saturn C-2., The first stage, called S-1,
of cach version utilizes a cluster of eight cngines which
are uprated versions of the Thor engine to 188,000 pounds
thrust. The total thrust will therefore be 1% million
pounds. The second stage of‘Crl which will ~lso be the
third stage of C-2 is called S—IV. It utilizes four
Centaur cngines uproted to 17,500 pounds providing a total
thfust of’, 70,000 pounds. This and all upper stages of
Satqrn will use liquid hydrogen and liquid oxygen.

| The third stage of C~1, whi ch will be the fourth
stage of C~2, is the Centaur stage slightly modified to
use the uprated engines, giving a stoze thrust of 35,000

pounds,

SIE L




- 18 -

The second stagzec of the propsed Saturn C-2, terned
S~II, will be a new devclopment requiring a ncv hydrogen-
oxygcen engine of 200,000 pounds thrust. Devclopnent of the
engine has been initiated., The designation S-III was
reserved for the third stage of a possible Saturn C=-3
of five stages, but no devclopment of it is prescntly con-
templated,

Flight tests of the S8-I stage arc scheduled for
next year and it is hopced to launch the first complcte
Saturn C-1 in 1963, Thc estincted weight is one nmillion
pounds. Its total height will be 185 feet and its maxinun
body diameter 213 fect, Its cstimeted capability is 19,000
paunds in a 300 miie orbit and 6,000 pounds to escape,
About 1,000 pounds could be sent to a soft landing on the
moon,

The Scturn is intended for use in a variety of mis-
sions, exploration of the moon and planets with considerable
payloads, and extending the manned explorction of space.

In addition to the developrents of the Centaur and
Saturn launch vehicles, we are devecloping & large single-
chambep chemical rocket of 14 million pnounds thrust, as a
unit whieh would serve as a basis for cngine clusters
having thrusts of six to tweclve nillion pounds, We are
also doing limited rescearch and component work with liquid
hydrogen and liquid flusrine, which gives somewhat higher
inpulse. However, fluorine is extremely toxic and corrosive

and presents nany operational problens.

SOLID PROPELLANT LAUNCH VEHICLES:

Solid propellant rockets have been used for sounding
rockets ond upper stages of satcecllites and space probes os
well as for generating small forces for spin and despin,

vernier corrections, et cetera, The family of launch
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vehicles under develspnent includes one using solid pro-
nellants throughout. It is the Scout, a 36,000 pound, four-
stage vehicle, about 72 feet long c¢apable of orbiting about
150 pounds in a 300 mile orbit. Its develospnent originated
in an aerodynenle, structural, and hcat transfer progran
carried out with s»>lid »nropellant rockets., The tcchnology
nrogressed to -mlti-stage rockets of largser and lorger size,
Its conponent stages are derived by small improvenents in
rockets developed for other purposces. For cxemple, the
fourth stage is the improved Vanguard fourth stage also used
in Thor-Able and Declta. This stage, Altair, weighs 520 pounds
and has a thrust of 3,100 pounds. The first stage, Algol,
weighs 23,600 pounds ond has a thrust of 105,000 pounds,

The sccond stoge, Castor, weighs 9,300 pounds and has a
thrust of 35,000 pounds, The third stage, Antarcs, wcizhs
2,600 wounds and has a thrust of 13,600 pounds.

Scodt has carried a 120 nound nayload to an altitude
of 3,500 niles in a ballistic flight to a horizontal range
of 5,800 niles. The next flight will be an orbital experi-
nent.

We hove carried out studies concerning »otontial
advontoges of nmueh larger solid rockets and we zre follow-
ing with great interest rcsearch to obtain sslid propel-
lents of greater swvecific impulse, developnents to pernit
assenbly of loaded solid propellant ruckets from picces
nore easily transportable to the launch site, and other
developiments. The Department of Defense and NASA are
supporting work in these nreas., In the present state of
the art, the higher specific impulse obtainable from liquid

propellants is required for nany space nlssions.
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NUCLEAR RQCKETS:

Nuclear fission as an cncergy source for snoce prow
pulsion promises spectacular gains on difficult nissionhs,
whether for sending very large ?ayloads into nearby space
or substantial paylocds to great distances. Therc are at
lcast two attractive lines of developnont; one the use of
a conventional working fiuid, hydrogen, expanded through
a nozz;e as in the chenmical roeket; the other the conver~
sion of éhe energy to clectrical cnergy and the usce of one
of the forms o»f electrical propulsion., Let us first discuss
the nuelear thermal rocket, on which substantial research
and developrient has alrcady been 2cco mnlished.,

The nuclear rocket nrogram, Rover, is a joint effort
between NASA and the Atonic Encrgy Comnission. The AEC is
responsible for developing the nuclear rcactors, while
NASA 1s responsible for all non-nuclear components, =nd
for Integrating the enzine into 2 flight vchicle. We have
recently established a joint officc to manage the »nrogran.

The first KIWI, or ground test, recactor was success~
fully tosted in the summer of 1959, Since then, there have
been two morc successful tests this summer, and plans call
for a third next year., With each test, the KIWI rcactor
and its assoeciated plumbing are being modified to more
nearly approach a prototype flight-weight cngine systen.
NASA 18 now evaluating proposals from industry on a preli-
ninary design study of a comnlete engine, In adlition,
industrial contractors cre engaged in parallel studies of
the requirencnts to be met for flight testing., Also, a
conpetition is under way for preliminary design studies
of test facilities which will be required for further

ground test of the nuclcar engine and the nucleapr-powercd

Vehic le.
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ELECTRIC PROPULSION:

Oour progranm in the clectrical propulsion ficld is

cinmed toward the developnent of engines based on the use
of ions and plasma as working fluids with which to achieve
the cdvanced nissiosns of the next dccade and beyond,
Resecrch is now being'supplemented by specific advanced
developnents of the engines or thrust elements to mateh
clectrical power systenm developnents to be described later,

The characteristic features of clectrical propulsion
systens are the high specific irmpulse and the low thrust,
Specific impulses of 5,000 to 10,000 and thrusts less than
one or two pounds arc characteristic values under discuss
sion,

The types of thrust zenerators under consideration are:
(1) electrothermal, in which the electrical encrgy is used
to heat a conventional working fluid by neans of an arc or
o rcsistance heater; (2) celectrostatic, in which ions or
colloidal particles constitute the working fluid and are
accelerated by an clectrostatic field; and (3) electro-
nagnetic, in which a plasma is accelerated by a crossed
negnetic and electric field system or by a travelling nag-
netic wave systen,

Three applied resecarch and development »nrojects have
been established in the NASA program, two in the first
category and one in the second, Feasih»ility studies of
the third category are ineluded.

The first devclopment project is for 2 one kilowatt
are~jet engine to develop the force required to provide
the nccessary torque to control the anzuler orientation
of a spaceeroft,

The scond developnent is that ot an ~re-jet engine

to be flight-tested with the SKAP-8 nuclecr clcctrical
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power supply to be described later, Sueh 2 system could

be used for transfer fron a parking orbit to a 2k~hour
synchronous orbit with consideraﬁie improvement in payload
over chenigcal rocket pronulsion,

The third projeect ainms to develop cngine and pro=- “
pellant feed system connonents for o 30~kilowatt cesiyn
ion rocket engine which will generate a thrust of O.l!
pound, Ion cngines show great promise for planctary nise

sions.

SPACE, POWER GENERATION:

The NASA program for the development of spaeec power
generation systcns has baecn planned in the light of the
estinated requirenents. Nearly all tHe vehicles scheduled
for the next four years rcquire average power levels below
250 watts, Power in these anounts can be rcadily provided
by solar ¢ells in eonbination with batteries. Beginning
in about 1965 the Saturn spaceeraft will come into use
with requirenents for the proposed missions ronging fron
one to four kilowatts, When electrie propulsion becones
available, it 1s estinated that the requirecnents will rise
to velues fron 50 to 1,000 kilowatts,

Developrnient hes been initiated of a‘three kilowatt

systenm using solar power, turbo~clectric conversion, and

thernal energy storage known as Sunflower I, The solar
energy is collected by a large parabolle reflector with

a boiler at its focus, The turbo-elcctric systenm is hased
on a nereury Ronkine eycle, and the energy storage for
operation in the earth's shadow uses nolten lithiun
hydride. Specifications rcquire the system to be capable
of generating three kilowatts contianuously for one year in

any carth satellite at an altitude betwcen 300 and 20,000
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nautical miles., The target weight is about 700 pounds
exclusive of the sun orientation systen.

NASA is developing jointly with the Atonic Energy
Commission a 30-kilowatt nuelear turbo-clecctric systen
known as SNAP-8. This system also uscs mercury as the
working fluid in the turbine. The ecstimoted weight is
about 2,000 pounds. It is heoped to carry this developnment
to the point of one year operating life, |

In addition to these specific developnents, applied
rescearch is being conducted in such arcas as thc cffect
of the space environment on naterials (emissivity and
neteoroid damage), liquid-metal and vaporized-metal tech-
nology, and high temperaturc components of the Rankine
cycle systen,

NASA plans to sunport research on cesium vapor ther-
nionic converters for use with solar power and on the
feasibility and practicability of fuel cells for space

nissions,

CONCLUSION:

To summarize, NASA has under development space pro-
pulsion and power conversion systems to nake possible
rapild progress in the exbloration and utilization of
space. A large first-stoge rocket, the Saturn, will .
provide a take-off thrust cf 1} million pounds ug;ng‘
liquid oxygen and hydfocarbsn fuel. L now single;éhamber
rocket engine of 1% miilﬁmn nounds thrust provides an
engine which can be clus@éred to give still higher |
thrusts, As rapidly-@&ép@ésible, an upper stage using
liquid hydrogen and:liqdia‘oxygen will be brought into
use to increase payloads on Atlas, and such stages will

be used from the beginning with Saturn. A nuclecar rocket
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using hydrogen as the working fluid is in the rescarch

and evelopriecnt stagze to be used first in an upper stage
of Saturn. In the clectriecal propulsion fiecld, arc jJets
of one and 30 kilowatts rating and a 30 kilowatt cesiunm
ion rocket are under development,

In the power conversion area, the principal develop-
nents in progress arc o solar-~turbo-~clectric system of
three kilowatts capacity and a 30 kilowatt nuclear-turbo-
electric systen,

These are the space propulsion and power tools to be
used in the NASA prosram in the next decade. The conduct
of this program would be inpossible without the support of
scicntists and engineers in nany other countries, I hope
that nmost of you will feel that the program is being carried
out for your benefit as well as our own, that it is in a
ccrtain sense your program too. I am very plcased to sec
on the »rogram contributions arising from your own codopera-
tive acti vity with NASA and I wish to take this occasion
to express our thanks and appreciation, We arc proud to be
associated with Ing. R. Monges Lipcz, President of the
Mexican-U.S. Comnission for Space Obscrvations Relative
to the Mercury Project, who has added his efforts to ours
in the best traditions of international science. Our nany
colleagues on this continent who have joined in the work
of tracking and telemetryvat the scveral optical and
Minitrack stations are represented on the program by Ing.
R.F. Woodman of the Geophysical Institute of Huancayo,
Peru., PFinally, there cre many of you engaced in scientific
research in astronony and geophysics in ground fécilities
whose observations joined with those obtaincd from satel-
lites and space probes pquucos a greater harvest of new
information than cither program alone, It is to you, ny
colleagues, that I have made this report of the tools that

will support our joint efforts in the near future,
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